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PURPOSHhNe mairfocusof this dacument is to elicit responses tpuestionsaddressing the growing
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energy storage research, tecology development and testinghis information will help DOE and PNNL

prioritize resources and investments.

Description
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Washington State, is the US DepartmenEokrgy'{DOEPnly marine research facilityrhe laboratory
helpsthe nation achieve sustainable energyhealthyenvironment, and robust security in coastal
settings The purpose of this request for information is to solicit feedbackfirdustry,academia,

other national laboratories, government agencies, and private entiéggrding the usef this unique
DOHEmarinelaboratoryas a researctdevelopment testing, and validation venue supportingultiple
DOE missions as they relate to the coaatal ocean environmenMSLis a unique facilitghat offers
direct acces$o cleanair andcleanmarinewater and freshwater in the laboratory and in thadjacent
environment(including wetlands, sheltered marine water, and negen ocean conditionspermitted
in-water research and developmenR&D venuesyresearch vessels and autonomous research
platforms,anda DOEcertified dive teamPersonnekxpertise covers a broad range of topics, including
harnessing the ocean for energgaximizing the use of marimesources, and enhairg knowledge
related to coastal resilience under changing natural avadrmadeconditions.

This document willlescribe MSL, its capabilities, and existing and potential projects in the sections
below:

Background

Facilities

Capabilities

Current Workat MSL

Visionbeyond Current DOEupported Programs

uokrobdRE

This is a Request for Information (RFI) dBBRE will not pay farformation provided under this RFI and
no project will be supported as a result of this RRis RFI is not accepting applications for financial
assistance or financial incentives.




U.S. DEPARTMENT OF

Energy Efficiency &

EN ERGY Renewable Energy

1.

Background

MSL supporg multipleDOBofficesincludingthe Office ofEnergyHficiencyandRenewableEnergyQ &@ERE)
Water Power Technologies Offic@VPTO) Wind Energy Technologies Offig8VETO) Bioenergy
Technologies OfficBETO) and Fuel Cell Technologies OffE€ETQ)MSLalso supportether DOE offices
such as Office of Scienc€OS) Nuclear EnergyNE) Office ofElectricity(OE) and Advanced Reaech
Projects AgenciEnergy(ARPAE) and other governmenagenciessuch aghe Department of Defense
National Oceait and Atmospheric Administration (NOAA) and the US Coast Glisgske offices support
the following progranefforts:

1
1
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quantifyingenvironmental effects of marine renewable ener@¢RE)including wave, tidal and
offshore wind

develming and testingnew technologies taneasureenvironmental conditions around ocean
energy conversion devices

improvingproductivity ofalgal biomas$or biofuels

improving the technology and cost performance of systems to exttaate elements(i.e.
uranium, seleniumlithium etc.)from seawater

develogng and testingmaterialsand coatingshat reduce biofouling and biocorrosion
developng and validaing modelscombiningatmosphere, ocean, and terrestrial processeat
integrate responses to changing environmental conditiogsantifying opportunities for ocean
energy conversiomandestimatnginfrastructure risks fronturricanes and coastal flooding
modelingand characterization of acoustic signatures from biological and anthropogenic sources

Settingof the Marine Sciences Laboratory

MSL(https://marine.pnnl.gov) is inSequim, Washingtqrin the northwest corner of the staten the

Olympic PeninsuléFigure 1) Thelabis situated at the entrance to Sequim Bahich opengo the
Strait of Juan de Fuca, the body of water separating the US and Canadheshipping route for
major portssuch as Seattle, WA and Vancoy®CThetf | @€aton allows direcaccess tsheltered
baysand tohigh wind wave,andtidal flow environments with depths up tb0O0 m Thecurrentspeed
in the adjacent channel is up fom/s, with a depth of 1812 m, opening into a quiescent bayith
depths over 30n. Theproximity to open oceamprovidesone of the cleanesairshedsn the world,
providing an ultratrace-level background for measurement and signature science.

This is a Request for Information (RFI) dBBRE will not pay for information provided under this RFI and
no project will besupported as a result of this RFhis RFI is not accepting applications for financial
assistance or financial incentives.
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Qellingham

Figurel Location of the Marine Sciences Laboratory on the Olympic Peninsula

2. Facilities

The MSL property, approximately 100 acres, contains indoor and outdoor research facilities specifically
designed for marine research and ocean scierpuatic laboratories (15,0003tare equippedwith
through-flowing seawaterthat can be heategcooled ordiluted with freshwater to reflect water

conditions from the tropics to the arctic. Experimental tank systems inside and outside the laboratories
include flow and wavetanks and fullspectrumcomputercontrolled lighting capabilities. Engineering
facilitiesinclude electrical and biological laboratories supported by chemistry laboratories for organic
and inorganiconstituents. The facility maintains a pier and dock with power and data feeds supporting
in-water devices, a mobile operations and data gaa command center, and research vesgeigure

2).
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Figure2 Pier, shoreland facilitieand 33-ft SAFE boat

Permitted Areas/Underwater Tesbitesand AvailableBaseline Data

Research and testing of devices in aquatic ecosyslimhose adjacent ttMSLrequires
environmental permitting. DOE has worked with PNNL and regulatory agencies to obtain permits for
activities at or near MSL inclujthe followingactivities

1 installation of equipment on or in the seabed

installation of floating platforms or moored buoys

installation of scientific equipment on the MSL dock and pier

deployment and operation of Autonomous Underwater Vehicles (AUVS)

habitat and species surveys and sediment sampling (amounts, depths, and locations may be
limited for sediment sampling without amendments)

vessel usdor deployment of sensors

operation of acoustic or emitting devices at frequencies outside of marine matmeaaing

ranges (below 7Hz or above 180 kHz) or at sound pressures that are below the Level B
harassment thresholds for marine mammals (16@.¢B
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1 electromagnetic fieldstudies(temporary operation of EMF fields less than fTland 0.5 V/m
in a single, tcrete location}o test potential impacts to the marine environment

In addition, MSL staff are working with regulatory agencies to obtain permits in Clallam Bay
Washington a site west of MSL that can be used to test devices under higher wave energy conditions
than thosefound within Sequim Bay.

Consistent data streams are crucial for predictive model inputs such as current velocity and wave height
for oceanographienodek. Supplemental environmental datsuch as sound spegedan becritical to
differentiate detailed quantitative analysis for sonar measurements or a generalized estimate with
unacceptable errorQurrent velocity, wave height, sound speed, water qualitythigenetry, and bottom

type have been weltharacterized in Sequim Bathough permits have been obtained to collect

baseline data, MSL is not currently collectingtime data.

Research Vessels
MSL owns several research vessels:

1 a33ft SAFE Boat wittlavit and optional gantry system

a 28t Aluminum vessel with Arame and davit

a23ft SAFE Baa

a 17-ft- Aumaweld Supelee LS

aSun Tracker 20 Fun Fish

1 aSmaliscale tethered visual inspection Remotely Operated Vehicle ROV

=A =4 -4 =4

MSL leases larger vessels when needed to support-Ergle deployments and retrievals and has a
standing contract with the University of Washington for theirf68search vessel, the R/V Jack
Robertson.

Laboratories

LaboratoriegError! Reference source not
found.) and facilities at MSL suppdite
followingareas

9 aquaticsresearchaboratorieswith
open floor planghat enable ;
research on chemical, biological, or %
physical components and processe
under controlled conditions

9 electronics &dbsfor sensor and

platform development

apier with floating docKkor water and research vessel access

a freezerlaboratory capable of maintaining air temperatudestween0°Cand-15°C

a720 f£ greenhouse plumbed with seawater and freshwater

Figure3 Wet laboratory with circular tanks
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1 a8 x 14ft. mobile operations and command center with power, wireless and wired
communications connections

1 class100cleanlabs used to prepare, handle, and analyze environmental samples fottdta
level determinations of metals and metalloids

1 amercury analytical lamternationally recognized for its unique ability to conduct uitrace

level measurements of mercury (Hg)d monomethyl mercury (MMHQ)

organicand inorganic chemistry lalfgr multidisciplinary studies

biotechnologylabs equippedor molecular environmental microbiology, microbial physiology,

plant and animal tissue culture, genetic engineering and synthailogy(Most of theselabs

are certified as Biosafety Level 2 (BSL2) workspace

= =
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Figure4 Aerial view of theViSLlaboratories located in the blff

Figure4 provides an aerial view of the laboratories associated with M@&buniquefeatures housed at
MSL include 1,100liter raceway equipped with a paddlewheel and a recirculating pump system that
generates turbulence and allows researchers to form frazjldod a separate arctic laboratory
dedicatedto smallscale coldwvater research.
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no project will besupported as a result of this RFhis RFI is not accepting applications for financial
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The entire facility isguipped with an onsite waste water treatment systeéhat removes chemical and
biological constituents before discharging water to Sequim Bay thralgtional Pollutant Discharge
Himination System-permitted outfall.

3. Capabilities

Scientists and engineeas MSL, with support from the larger PNNL campus in Rich)&idshngton
haveexpertise inrmaterials engineering, battery technology, systems engineering and integration,
technoeconomic analysidata analyticsinarine technology/engineerindpiotechnology
biogeochemistry, ecosystems scieneayironmental compliancepxicology,data collection,
development of sensorgind earth systems modeling, as well as a scientific dive teaupportin-
water researchtechnology developmengnd testing.

Furtherdetails for specific areas are given below.

Sustainable Oceak&nergy

Researchers at M3lte enabing sustainable energy from coastahd ocearenvironments, including
renewable electricity, biofuels, hydrocarbons, and nuclear energy. Our science andegimgjne
programs are directed towardbe following efforts:

1 developing, testing, and deploying predictive tools supportiegicesiting, operation,
performance and emergency response

1 developing, testing, and deployimgsource characterizatioand envirormental effects
technologies

1 developing and testing technologies to improseergyproduction and environmental
performanceof MREdevices

1 quantifyingpotential environmental effect the fieldand developgngany needednitigation
measures

1 developing new technologidbat coupk diverse sensing systems with patteand signature
analysis algorithms to identify species and interactions with devices under adverse observing
conditions

1 developing and testing new materials to improgkectivenes and cosperformance oflevices
and systems operating in marine environments

1 applied biofouling and biocorrosion researahd technology development

1 developingand testing new technologies &xtractcritical minerals frommarine waters

This is a Request for Information (RFI) dBBRE will not pay for information provided under this RFI and
no project will besupported as a result of this RFhis RFI is not accepting applications for financial
assistance or financial incentives.
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Environmental Systembntegrity

MSL researchers delivmtegrative science, modeling, and analytical tdoléielpprevent and reverse
damage taerrestrial and aquatic ecosystemsith emphasis on the linkages between thefieas of
focus include the fédwing research:

f research on nutrient, contaminant, and carbon transport and cycling within thedaren
interface

f multi-scale population, community, and earth systems modelinging environmental systems
to climate, engineered systems, and landscapes

T adaptive environmental management within a quantitative systems framework

Measurements and Signatures

Researchers work amproving situational awareness ardentifyingpotential threatsin multiple ways.
Programs focus on developing efficient and effeetways to acquire data frothe air, water, sediment
and biotg and translate those data into actionable intelligence. These iralltca-trace detection for
high fidelity sensing and forensiaad naritime systems and operations development and testing

Scientific Dive Team

MSL has an experienced dive team
(Figureb) composed of research
scientistswho support scientific and
engineering projectf a widerangeof
underwater environments. Typical
assignments include habitat and specie
assessment, habitatstoration,
underwater sampling, equipment
deployment, and underwater video and
photography.The team has advanced
standardized equipment including
standard SCUBA, closeiicuit
rebreathers, and a variety of scientific
and video/photographic equipmenthe
diversuse full face masks that allow Figure5 Members of the dive team

underwater communicationThe team works

under the auspices of a Diving Control Board and can perform both scientific and light commercial dives,
the latter for the purposes of installing, maintaining, and retrigvatientific equipment.

Coastal and Ocean Modeling

Modelersat MSLdevelop and applgtate-of-the-art oceanographic, hydrodynamic, water quality, and
ecosystem models in watersheds, rivers, estuaries, and coastal reGmnprehensive numerical
modeling builds scientific understanding and suppedecision making for all aspe@sd scalesf the

This is a Request for Information (RFI) dBBRE will not pay for information provided under this RFI and
no project will besupported as a result of this RFhis RFI is not accepting applications for financial
assistance or financial incentives.




U.S. DEPARTMENT OF Energy Efﬂciency &

EN ERGY Renewable Energy

hydrologic cycleincluding resource assessment for marine energy and eivergy generatiomevices
Investigations include hydrodynamics, water quality andrtity, sediment transport, and ecosystem
modeling that support the diversity of science and decision neldsleling capabilities range from
simple onedimensional (1D) flow and effluent dilution models to complex thrdenensional (D)
hydrodynamic mdels incorporatingcomputational fluid dynami(CFD), fate and transport, and
comprehensive water quality models addition,PNNIQ édomputational sciences portfoliincluding
computational engineering, high performance computing, semantic and humgndge technologies,
machine learning, systems integration and software development are at the forefront of basic and
appliedresearch.

4. CurrentWork at MSL

Researchers and facilities at MSL currently suppeveral DOE EERE programetuding the Office of

9y SNHe 9FFAOASYyOe YR wSySglofS 9ySNHe&Qa 699w
Energy Technologies Office (WETQ), Bioenergy Technologies Office (BETO), and Fuel Cell Technologies
Office (FCTO). MSL also supports oB@E offices such as Office of Science (OS), Nuclear Energy (NE),
Office of Electricity (OE), and Advanced Research Projects Ageeryy (ARRE), and other

government agencies, such as the Department of Defense, National Oceanic and Atmospheric
Adminigration (NOAA) and the US Coast Guakdief descriptions of projecfsom some of these

officesare provided in the following sections.

EEREWater Power Technologies OffidResearch

WPTGsupports earlystage research focused on innovative water poveehnologies designed to
ensure hat environmental issueare addressedExamples ofuchwork at MSlare given below.

Triton Initiative

Since 2015 e Tritonlnitiative hassupported the development of advanced and cesffective
environmental monitoring technologies fMRE This includes providingermitted underwater test

sites vesset and scientific crew support. The expertise and capabilities of Triton are levetmged
provide testing and technicalevelopmentsupport to competitivelyselected awardees from a separate
DOE funding opportunity targeted at improving technical performance while reducingafosts
technologiesThe researcincludes baseline data collection of seaflooharacteristicsintegrated
aooustic monitoring systemt® measue noise emsson from turbinesor capture sounds made by
nearby marine specieglectromagnetic forcgeneratedfrom cables and deviceand remote sensing
techniques for monitoringnvironmental interactionsof marine speciewith devices.

In addition to theenvironmental monitoringechnology developmentMSL is leading an effort to
observefish behavior around a deployed tidal turbinembiningoptical and sonar sensors with tagged
fishfor separate 3D trackinggeyond this, Tritoms developing recommendationfer consistent
environmental measurements through the development of guidsdior the marine energy industry
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